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EXECUTI VE SUMVARY

The goal of Maine's Dioxin Mnitoring Program established in
1988, is "to determ ne the nature of dioxin contam nation in
the waters and fisheries of the State". Charged with
adm ni stration of the program the Departnent of Environnental
Protection (DEP) is required to sanple fish once a year bel ow
no nmore than 12 bleached pulp mlls, nmunicipal wastewater
treatment plants, or other known or likely sources of dioxin.
DEP is required to incorporate the results of all studies into
a report to the Joint Standing Commttee on Natural Resources
by March 31 of the follow ng year. Costs of sanple collection
and anal ysis are assessed to the selected facilities. DEP is
advised by the Surface Water Anmbient Toxic (SWAT) Monitoring
Program Technical Advisory Goup in inplementation of the
program

The primary objective of the Dioxin Mnitoring Programis to
monitor dioxin in fish for assessnment of ecological and human

heal t h. A second objective is to neasure trends, progress
t owar d reducti on in envi ronnment al concentrations, and
effectiveness and need for further controls. A third

objective is to determne if bleached kraft pulp mlls are
di scharging dioxin into Maine rivers, which is prohibited as
of December 31, 2002 by the dioxin law of 1997 [38 MRSA
section 420(2)(l1)] The final test is that fish (or surrogate)
downstream have no nore dioxin than fish (or surrogate)
upstreamof a mll’s discharge, the ‘above/bel ow test.



In 2001, the Dioxin Mnitoring Program continued devel opnent
of a suitable ‘above/below fish test. I nt ensive nonitoring
of bass and suckers on the Androscoggin, Kennebec, and the
Penobscot rivers was conducted. Smal |l juvenile bass were
sanpl ed again for the second year but |iver and caged nussel
sanpling were abandoned. In addition, as part of DEP s SWAT
nmonitoring program sem -pernmeable nmenbrane devices (SPMDs)
wer e depl oyed as potential surrogates for the fish test.

Fi sh Consunpti on Advi sories
Based on data through 1999, the Maine Bureau of Health revised
the fish consunption advisories in August 2000 (Appendix 1).

There is a *‘Ceneral Consunption Advisory for All 1Inland
Surface Waters due to Mercury Contam nation’. Also there are
nore restrictive ‘Specific Fr eshwat er Fish Consunption

Advi sories’ for the Androscoggin River, Kennebec River below
Madi son, the Penobscot River below Lincoln, Salnmon Falls River
bel ow Berw ck, and Sebasticook River (including East and West
branches) due to PCBs and dioxins. An advisory on | obster
tomall ey was continued from 1994 along the entire coast of
Mai ne due to dioxins and PCBs.

Fi ndi ngs of the 2001 Program

1. Concentrations of 2378- TCDD ( TCDD) or dioxin toxic
equi val ents (DTEh) increased slightly in 8 species/station
sanpl es, decreased slightly in 8 other species/station
sanples, and remained the same in 22 species/station
sanpl es conpared to 2000. Most of those that increased
were nore simlar to concentrations in 1998-99 than to
those of 2000.

2. Concentrations of DTEH exceeded the Bureau of Health's Fish
Ti ssue Action Level for cancer (FTALc=1.5 ppt) in trout and
bass above Runford, and in suckers below Runford and Jay on
t he Androscoggin River, in brown trout below Hi nkley on the
Kennebec River, and in eels from the below Brewer on the
Penobscot River.

3. The addition of dioxin-like (coplanar) PCBs, neasured as
part of DEP's SWAT program to DTEh may result in higher
| evel s of total toxic equivalents (TTEh) that exceed a Fish
Ti ssue Action Level at other |ocations as well. Sources of



PCBs are unknown but Ilikely include |ong-range transport
and at nospheric deposition.

4. Concentrations of 2378-TCDD (TCDD) and DTEh in all fish
sanpl es coll ected bel ow bl eached kraft m Il discharges to
the Androscoggin River, Kennebec River, and Penobscot
River, were significantly greater than those at reference
stations uninpacted by point sources.

5. Concentrations of TCDD and DTEo in white perch from
Androscoggin Lake were significantly greater, although
marginally so, than in ganme fish fromall other |akes (n=8)
or river reference stations that have been sanpled.
However, concentrations of TCDD and DTEh were |ower than in
previ ous years, continuing what appears to be a declining
trend since the lake was first sanpled in 1996.
Concentrations were also |ower than those in fish from the
Andr oscoggi n River.

6. There was no significant difference in TCDD, TCDF or DTEh
in bass or suckers from above and bel ow SAPPI Westbrook’s
paper mll, but at both stations concentrations remain
significantly higher than at any other reference station.

7. Since the developnment of the Above/Below test began in
1997, over 78 tests have been conducted for different
di oxi ns, species, tissue types, and other surrogates in an
attenpt to develop a test powerful enough to accurately
neasure any differences above and below a mll. Juvenile
and mature bass, sucker filets and sem -perneabl e nenbrane
devices show the nost prom se, depending on station and
year, and will be tested again in the 2002 program

| NTRODUCTI ON

Mai ne's Dioxin Mnitoring Program (DWP), established in 1988,
has been anmended and reauthorized through 2002 by the Mine

| egi sl ature. The goal of the program is "to determ ne the
nature of dioxin contam nation in the waters and fisheries of
the State". Charged with adm nistration of the program the

Departnment of Environmental Protection (DEP) is required to
sanple fish once a year below no nore than 12 bl eached pulp
mlls, municipal wastewater treatnent plants, or other known
or likely sources of dioxin. The Departnent is also required
to sanple sludge once a quarter fromthe sane facilities.



The primary objective of the DMP is to nonitor dioxin in fish
for assessnent of ecological health and of human health. The
data are used by the Maine Bureau of Health (BOH) to determ ne
the need for any Fish Consunption Advisories to protect human
consuners of fish from certain Miine rivers. The data are
also used by DEP and other state and federal agencies in
determining inpacts of discharge of dioxin on wldlife
speci es.

A second objective is to continue nonitoring at sone
hi storical stations to neasure trends. Trends are followed to
measur e pr ogr ess t owar d reducti on in envi ronnent al
concentrations and effectiveness and need for further
control s.

A third objective, to identify sources and nagnitude of dioxin
di scharges, received new enphasis in 1997 when the Mine
| egi sl ature enacted LD 1633 "An Act to Make Fish in Mine

Rivers Safe to Eat and Reduce Color Pollution". The key
requirenent is that ‘a (bleach kraft pulp) mll rmay not
di scharge dioxin into its receiving waters’ [38 MRSA section
420(2)(1)]. Interim tests that concentrations of TCDD in

effluent fromthe bleach plant nust be bel ow EPA's nethod 1613
nom nal detection |limt (10 ppq) by July 31, 1998 and TCDF
must be below the sanme detection limt by Decenmber 31, 1999
have been achi eved. As the final test, by Decenber 31, 2002

fish below a bl eached kraft pulp mll have no nore dioxin than
fish above the mll, the so-called "above/below (A/B) fish
test”". Although the DWMP has successfully detected differences

above and bel ow discharges in past years, as the amunt of
di oxin discharged is reduced, the DWMP has been modified to
all ow an enhanced ability to detect snaller differences wth
known statistical confidence.

The nonitoring program is coordinated with other ongoing
prograns conducted by the Departnent, US Environnent al
Protection Agency (EPA), or dischargers of wastewater. The
proposed annual nonitoring plan nmust be submtted to the
Surface \Water  Anbient Toxic  (SWAT) nonitoring program
Techni cal Advisory Goup (TAG, created under 38 MRSA section
420-B, for review and advice. The selected facilities nmust be
notified of their inclusion in the proposed program at | east
30 days prior to submttal to the TAG The Departnent nust
incorporate the results of all studies into a report due the
Nat ural Resources Commttee by March 31 of the follow ng year

A draft of the report is reviewed by the TAG before conpletion
of the final report. Costs of sanple collection and anal ysis
are assessed as a fee to the selected facilities. Paynment of



the fees is a condition of the waste discharge license granted
by the state for continued operation and discharge of
wast ewater to waters of the State. However, if the selected
facility is a publicly owned treatnment works (POTW, then the
fees nmay be assessed to the known or [likely industrial
generator of dioxin and paynent will not be a condition of the
wast e di scharge |icense of the POTW

Due to continuing controversy over the effects of dioxin on
human and ecol ogical health, the US Environnmental Protection
Agency (EPA) announced that in 1991 it would begin a thorough
scientific reassessnment of dioxin. EPA proposed that the
process would be open to the public and consequently held
several neetings to share informati on and receive comments. A

draft report was issued in 1994 and subsequent review in
1995 by EPA's Science Advisory Board called for revisions of
sone chapters. Revi sed drafts published in 2000 indicate
t hat dioxin my exhibit reproductive and devel opnent al
ef fects, i mmuno-toxic effects, neuro-toxic effects, and
cancer. In addition, the reports find that concentrations of

dioxin in the environment have decreased since the 1970S.
Also “‘EPA currently estimtes that the ampunt of dioxin in
tissues of the general human population closely approaches
within a factor of 10, the levels at which adverse effects
m ght be expected to occur’. In March 2001 EPA's Scientific
Advi sory Board published its draft review of EPA' s new
revisions and is divided on whether or not dioxin is a
carci nogen, but does believe EPA has underesti mated non-cancer
ef fects. The SAB al so does not agree that there is enough
evidence to support EPA's statenment about current body burdens
and probabl e adverse health inpacts.

DEP has determned, from fish collected since 1984, that
concentrations of dioxins in fish fromlocations unaffected by
| ocal sources are less than 0.15 ppt, while concentrations in
fish below those sources of dioxin are consistently greater
t han that. Consequently, as one nethod of determ ning known
or likely sources of dioxin, a Fish Mnitoring Threshold
(FMr=0. 15 ppt) is used by DEP to determ ne stations that wl
be retained in the annual program

For inform ng the public about potential risk from consum ng
fish contam nated with dioxin and dioxin-Ilike conpounds, the
BOH publishes fish consunption advisories. These advi sories
are based on a conparison of a Fish Tissue Action Level (FTAL)
for dioxin toxic equivalent (DTE) concentrations with the 95"
percentile upper confidence limt on the mean DTE in fish



tissue. Should a tissue concentration exceed an FTAL, a fish
consunption rate (e.g., #nmeals per nonth) which is unlikely to
result in deleterious effects is determ ned. Two FTALS have
been derived for evaluating potential deleterious effects from

exposure to dioxins and dioxin-like conpounds. Both FTALs
were devel oped using standard USEPA risk assessnent nethods
(EPA 1997). For potential carcinogenic effects associated

with | ong-term exposure, BOH has devel oped a FTALc of 1.5 ppt,
while for reproductive and devel opnmental effects potentially
arising from shorter exposure durations, BOH has devel oped a
FTALr of 1.8 ppt (Frakes, 1990). The FTALr for reproductive
and devel opmental effects is relevant to women of chil dbearing

age, pregnant wonen, and |actating women. The FTALs are
conpared to the concentration of DTE in edible portions of the
fish, skinless filet data. VWhere whole fish data are

reported, the DTE concentration is divided by a factor of 3.5,
determned from previous studies wth white suckers, to
estimate skinless filet concentration. In this report all
conparisons with DTE in fish are nmade with FTALc, since that
is the lower of the two and protective of both effects.

PROGRAM DESI GN

The primary enphasis of the 2001 program was to collect fish
sanples from the appropriate stations and species from each
river such that accurate, conplete, and current data are
avai lable to assess inmpact to wildlife and human consuners
The program design included sanpling at |east one station
bel ow each major source to docunment trends and sanpling of
hi storic stations that showed di oxin above the FMI, whether or
not any fish consunption advisories were issued. Finally the
program was nodified to evaluate the ability to detect m ni num
significant differences of the appropriate nmagnitude for the
above/ bel ow fish test.

The 2001 program was initially drafted by DEP according to the
objectives listed above and sent to participating facilities
for coment in early May and to the SWAT TAG later in the
month. The workplan was discussed finalized at the SWAT TAG
nmeeting on July 3, 2001.

In 2001 all stations were nonitored for ecological and/or
human heal th assessnment and trends (Table 1). At |east 5 gane
fish (bass or other inportant species) were collected from
each station and anal yzed as skinless fillets. At sone
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Table 1. 2001 Dioxin Mnitoring Program Stations, facilities,
and species

STATI ON FACI LI TY SPECI ES
Androscoggin R

G | ead Meadwest vaco bass, sucker, trout

Runt or d Mead bass, sucker

Ri |l ey | P bass, sucker

Liv Fls(OQis inmp)lIP bass, sucker

Turner (G P) Mead & I P bass

Li sbon Falls Mead & I P bass

Andr oscoggi n LakeMead & I P bass, sucker,w perch

Kennebec R

Nor ri dgewock SAPPI Soner set bass, sucker, trout

Fairfield SAPPI Soner set bass, sucker, trout

Si dney KSTD bass, trout
Penobscot R

Woodvill e Li ncol n P&P bass, sucker

S Lincoln Li ncol n P&P bass, sucker

M| ford Fort James Co bass, sucker

Veazi e Fort James Co bass, sucker

Orrington Br ewer eel

Presunpscot R
W ndham SAPPI West br ook bass, sucker
West br ook SAPPI West br ook bass, sucker

Sal mon Falls R
S Berwi ck Berwi ck Sewer Di st. bass

Sebasti cook R
W Br Pal myra Town of Hartl and bass

stations, the fish were analyzed individually, while at other
stations, fish were conbined into conposite sanples (Table
2)in order to mnim ze cost and remai n under the nonetary cap.

In order for DEP to accurately determ ne whether or not there

is a discharge of dioxin from a mll, for the Above/ Bel ow
(A/B)Fish Test, the mninmum significant difference (MSD) that

11



can be determined wth acceptable statistical probability
needs to be relatively small and relevant to background
concentrations. | deally the MSD should be established before
the test at sone absolute value or fraction of the background
concentration. During debate
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Table 2. 2001 Dioxin Monitoring Program, Sample Sizes and Type

STATION

Androscoggin R
Gilead
Rumford Point
Rumford
Riley
Livermore Falls
Turner (GIP)
Lisbon
Androscoggin L

Kennebec R
Norridgewock
Fairfield
Sidney

Penobscot R
Woodville
S Lincoln
Milford
Veazie
Bangor

Presumpscot R
Windham
Westbrook

Salmon Falls R
S Berwick

W Br Sebasticook R

Palmyra

* 2 composites of 5 fish each
sSMB= small bass

SMB

10
10

2C5*

10

10

10
10

ol

2C5

sSMB WHS

2C5

2C5

10 10C2

10 10C2
2C5

2C5

10
10

10
10
2C5
2C5

2C5
2C5

13

OTHER

5 RBT

2C5 WHP

5 BNT
5 BNT
5 BNT

2C5EEL

total

limit

W W
e NN’

o 01 N

25
10

NN
o o

N NN

234

235



in the |egislature, a MSD of 10% of the Dbackground
concentration was proposed as a goal by DEP. This would work
for TCDF and DTE, where neasurable quantities are determ ned,
but not for TCDD, where background concentrations are
generally below detection. For TCDD, the detection |evel
(0.05-0.1 ppt wet weight) itself was proposed to serve as the
goal . Al t hough initially thought to be achievable, results
from 1997-2000 showed that MSDs were generally not close to
the 10% goal . The best results were with filets of mture
bass or suckers or with whole juvenile bass, depending on the
year and station.

Therefore, in 2001 parts of the DMP was repeated to gather
data for a second year to see if MSDs from earlier years could

be repeated or inproved (Table 2). For the A/B test, 10
sanpl es of both species were collected at each of 3 pairs of
stations. At the Androscoggin River in Riley and Livernore
Falls, filets from 10 Ilegal sized smallnouth bass were
collected to be analyzed as individuals. In addition 20 male
white suckers were collected to be analyzed as 10 conposites
of 2 fish each for the suckers, in order to increase the
sanple volume and decrease the detection |limt. For the
second vyear, 10 juvenile bass were also collected to be
anal yzed individually at both stations. At  Norridgewock and

Fairfield on the Kennebec and at Wodville and South Lincoln
on the Penobscot River, filets from 10 | egal sized small nouth
bass and 10 suckers were also collected to be analyzed as
i ndi vi dual s. At all other Above/Below stations, ten white
suckers were captured and conbined into 2 conposites of 5 fish
each. Trout were analyzed as individuals at all stations.

Al'l sanples were analyzed for all 2378-substituted dioxins and
furans. Station |ocations along with specified fish species
are shown in Table 1. Station |ocation maps show exact
| ocations of collections (Appendix 6).

At stations affected by a single discharger, sanpling wll

continue vyearly wuntil there are at |east two consecutive
cycles for each species where dioxin is below the FMI and is
not i ncreasing. At stations affected by nore than one
di scharger where fish concentrations are not below the FMI
each discharger will continue to be included in the annual
sanpling program until enough evidence has been gathered to

denonstrate that dioxin is no |onger present in the discharge
in significant quantities. Such evidence nust be at |east 8
consecutive sludge analyses, equally distributed over all
seasons for a mninmm of two years, that show no 2378-TCDD

14



(TCDD) detected at a suitably |low detection level, (2) ful
congener analysis of sludge for all 2378 substituted dioxins
and furans, (3) other pertinent information such as process
changes, changes in hook-ups that show reductions in the |evel
of dioxins and furans being discharged to insignificant
| evel s.

The preferred sanpling tine is late in the sunmmer when fish

are likely to be npbst contamnated after being exposed to
hi gher concentrations of dioxin during low river flows and
after significant growth has occurred. At some |ocations
there has been a problem collecting enough fish later in the
sunmer . Here sanmpling began in md-May to try to insure that
a suitable sanple was collected. These stations were also
visited after the beginning of July. If fish were captured
during the later period, those sanples were submtted for
anal yses. O herwise, the fish collected during the early
period were used. Sanpling at other stations began in July

(Appendi x 8).
As part of DEP's SWAT nonitoring program sem -perneable

menbr ane devi ces (SPMDs) were deployed in 2 experinents in the
Androscoggin River (described in a later section).

SAMPLI NG PROCEDURES

Fish were collected by DEP with assistance of state agencies

and the Penobscot Indian Nation. Upon capture, fish were
i medi ately killed, weighed and neasured, rinsed in river
water, wapped in alumnum foil wth the shiny side out,

| abel ed, and placed in a cooler on ice for transport to the
DEP | ab. Chain-of-custody fornms were used to record all field
i nformation and docunent all transfers. In the lab, all fish
sanples were frozen and | ater transported whole to the Senator
George J. Mtchell Center for Environnental and Watershed
Research (formerly the Water Research |Institute) at the
University of Maine for analysis. Al other procedures
generally followed EPA s Sanpling Guidance WMnual for the
Nati onal Dioxin Study (July 1984). A laboratory |og was kept
for an inventory of sanples in the lab at any tinme and final
di sposition.

Most of the facilities in the program al ready sanple sludge or
effluent as part of their Maine Sludge Spreading Permt or
Waste Discharge License or Federal NPDES permt. Data from
t hose prograns provide adequate information about sources of

15



di oxi n. Therefore, no additional sludge sanples were
collected as part of this program Effluent data are also
used when avail able to indicate sources and any trends.

CALCULATI ONS

In this report, DTE are shown as a range with non-detects
cal cul ated at zero (DTEo) and at the detection |imt (DTEd) as

a nmean for all sanples of a given species at each station
(Table 3). For conparison with the FMI and FTALc, and
conparison between years and stations, DTEh were used as
cal cul ated using non-detects at 1/2 the detection limt. The
upper 95'" percentile confidence limt (UCL) was used for these
conparisons, consistent with the policy of the BOH. In sone

cases (reference stations) DTEo were also discussed since
those were below the FMI while DTEh exceeded the FMI, which
shows the inportance of |ow detection limts and the treatnment
of non-detects. For the other stations both DTEo and DTEh
wer e above the FMI, and DTEo were not di scussed.

A related issue is that of EMPCs, estimated nmaxi mum possible

concentrations. Some conpounds, particularly hydroxydi phenyl
ethers (DPEs), are coextracted with furans. Vari ous steps
have successfully been taken to mnimze these interferences,
but some DPEs rennin. In this report, EMPCs were treated as

non-det ects.

Statistical analyses of differences in TCDD and DTEh between
stations were perfornmed using the either the t-test or non-

paranmetric Mann-Whitney test. In this report only differences
that are statistically significant at p=0.05 will be reported
as significant. Trends were detern ned using Kendall’'s tau, a

rank-order correlation statistic, for the period 1997-2001.
The m ni mrum nunmber of data points needed is 4, and with only 5
for this period, there were no significant trends at p=0.05.
There were sonme trends significant at P=0.10 described as
margi nal in the follow ng discussions.

RESULTS AND DI SCUSSI ON

Most of the sanples of fish targeted in the initial workplan

were collected (Appendix 2). Mean concentrations of TCDD and
DTEh for each species and station for the last 5 years are
shown in Table 3 while earlier data are in Appendi x 10. A

description of fish collected and results for each sanple
| ocation with respect to the objectives of the program is

16



di scussed bel ow. For each station there are (1) a conparison
of DTEh 95'" upper confidence level (95UCL) to the Fish Tissue
Action Level cancer endpoint (FTALc=1.5 ppt in filets, 5.25 in
whol e suckers), (2) a conparison of TCDD and DTEh with those
at reference stations, (3) a discussion of trends in TCDD and
DTEh in fish and (4) a discussion of TCDD and TCDF in sludge
or wastewater as an indicator of trends in discharges.
Foll owi ng discussion of each station is a section of the
Above/ Bel ow test conparing the efficacy of many different
tests.

TCDD in fish have normally been below detection (0.1 ppt) in
river reference stations (except the Presunpscot at W ndham
and | akes (except Androscoggin Lake) tested. Trace anounts of
DTEh (0.2-0.3 ppt, less than 10% of the FTALc) at these
reference stations are likely due to the ubiquitous
at nospheri c deposition.

Andr oscoggi n Ri ver

G | ead- Five rainbow trout and one brown trout were collected
near Peabody Island in Glead, while five bass and the ten
white suckers were caught further downsteam at Runford Point

(Appendi x 7). As both stations are downstream of the Anerican
Pulp and Paper Co’'s bleached kraft mll in Berlin, New
Hanpshire, they are therefore not true reference stations
uni npacted by direct discharge of dioxin. Both stations are

upstream of all Maine mlls on the river and are considered
the same station relative to point sources.

DTEh in rainbow trout, brown trout, bass and suckers were
178% 171% 102% 66% of the FTALc respectively (Appendix 2).
The addition of dioxin-like (coplanar) PCBs, neasured as part
of DEP's SWAT program to DTEh may result in higher |evels of
total toxic equivalents (TTEh) that further exceed a Fish
Ti ssue Action Level in these fish (DEP, 2002). Sources of
PCBs are unknown but I|ikely include |ong-range transport and
at nospheric deposition. Every year neasured, TCDD and DTEh in
fish have been significantly higher at this station than in
fish fromreference stations in Maine (Table 3). There was no
significant trend for the period 1997-2001 for any species.

The Anerican Tissue nmill in Berlin, New Hanpshire, has
reported to have switched to elenental chlorine free (ECF)
bl eaching (chlorine dioxide) in 1994. The mll closed in
2001.

Runford- Five smallnmuth bass and ten white suckers were
collected from the river reach from just below the discharge

17



from MeadWestvaco Corporation's bleached kraft pulp and paper
mll in Runford downstream about 4 mles to Dixfield
(Appendi x 7). Concentrations of DTEh in the bass and in the
suckers were 55% and 45% of the FTALc respectively (Appendi x
2). The addition of dioxin-like (coplanar) PCBs, neasured as
part of DEP's SWAT program to DTEh may result in higher
|l evels of total toxic equivalents (TTEh) that exceed a Fish

Ti ssue Action Level in the suckers as well (DEP, 2002).
Sources of PCBs are unknown but |ikely include 1ong-range
transport and atnospheric deposition. TCDD and DTEh

concentrations were significantly greater than reference
stations on other Maine rivers (Table 3). There was no
significant trend for bass during the period 1997-2001, and
suckers were not evaluated. No sludge data have been reported
since 1989. Concentrations of both TCDD and TCDF have been
reported below variable detection levels in final effluent
since 1993 and below a 10 ppg detection linmt in bleach plant
effluent since 1998 wup through 2000, the |latest data are
avai l abl e (Appendi x 4).
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Ril ey- Ten |l egal sized smallnouth bass, ten juvenile bass, and
20 mal e white suckers were collected fromthe river above the
Riley Dam about 19 mles downstream of MeadWest vaco
Corporation and wupstream of International Paper Conpany’s
di scharge (Appendix 7). Concentrations of DTEh in the |egal
sized bass and suckers were 67% and 150% of the FTALc
respectively (Appendix 2). The addition of dioxin-Ilike
(coplanar) PCBs, neasured as part of DEP' s SWAT program to
DTEh may result in total toxic equivalents (TTEh) that exceed
a Fish Tissue Action Level in these fish (DEP, 2002). Sources
of PCBs are unknown but Ilikely include |ong-range transport
and atnmospheric deposition. DTEh were significantly greater
than reference stations on other Maine rivers (Table 3). There
was no significant trend for the period 1997-2001 for either
speci es.

Livernore Falls- Ten legal sized smallmuth bass, 10 juvenile
smal | nouth bass, and 20 male white suckers were captured in
the Ois Inpoundnent, approximately 2 mles downstream of the
di scharge from |International Paper Conpany's Jay mll
(Appendi x 7). Concentrations of DTEh in the |egal sized bass
and suckers were 91% and 127% of the FTALc respectively
(Appendi x 2). The addition of dioxin-like (coplanar) PCBs,
measured as part of DEP s SWAT program to DTEh may result in
total toxic equivalents (TTEh) that further exceed a Fish

Tissue Action Level in these fish (DEP, 2002). Sour ces of
PCBs are unknown but Ilikely include |ong-range transport and
at nospheric deposition. TCDD and DTEh were significantly

greater than reference stations on other Maine rivers (Table
3). There was no significant trend for the period 1997-2001
for either species. There are no new sludge data since 1996,
but concentrations of TCDD and TCDF in bleach plant effluent
and final effluent are well below EPA s reporting |evel up
t hrough 2000, the | atest data are avail able (Appendix 4).

Auburn-d P- Five smallmuth bass and ten white suckers were
collected in @Gulf Island Pond (G P) near the deep hole at
Seagul | I sl and, approximately 30 mles downstream of
| nt er nati onal Paper Conpany (Appendix 7). Concentrations of
DTEh in the bass and suckers were 51% and 55% of the FTALc
respectively (Appendix 2). The addition of dioxin-Ilike
(copl anar) PCBs, neasured as part of DEP s SWAT program to
DTEh may result in higher levels of total toxic equivalents
(TTEh) in these fish (DEP, 2002). Sources of PCBs are unknown
but Ilikely include |ong-range transport and atnospheric
deposi tion. TCDD and DTEh concentrations were significantly
greater than reference stations on other Maine rivers (Table
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3). There was a marginally significant decline in DTE in bass
during the period 1997-2001.

Lisbon Falls- Five smallnouth bass were captured in the

Pej epscot | mpoundnent , appr oxi mat el y 45 nmiles bel ow
| nt ernati onal Paper Conpany (Appendix 7). Concentrations of
DTEh were 94% of the FTALc (Appendix 2). The addition of

di oxin-li ke (coplanar) PCBs, neasured as part of DEP s SWAT
program to DTEh may result in higher concentrations of tota
toxic equivalents (TTEh) in these fish (DEP, 2002). Sour ces
of PCBs are unknown but Ilikely include |ong-range transport
and at nospheric deposition. TCDD and DTEh were significantly
greater than reference stations on other Miine rivers (Table
3). There was no significant trend for the period 1997-2001
for bass (suckers were not sanpled).

Andr oscoggi n Lake

Wayne- Androscoggin Lake in Wayne and Leeds is a 4000 acre 38
f oot deep neso-trophic lake with a unique reverse delta at the
outlet fornmed by centuries of periodic backflow from the
Androscoggin River via the Dead River into the |ake. There is
a dam on the Dead River that reduces but does not prevent the
backflow into the |ake, which usually occurs once or twce
every year. Signi ficant anounts of dioxin were found in fish
from the |lake in 1996, 1998, 1999, and 2000. In 2001, ten
smal | nouth bass, ten white perch, and ten white suckers were
collected fromthe | ake and anal yzed as 2 conposites of 5 fish
each. DTEh were 30% 35% and 30% of the FTALc for bass, white
perch, and suckers respectively, (Appendix 2). The addition
of dioxin-like (coplanar) PCBs, nmeasured as part of DEP' s SWAT
program to DTEh may result in total toxic equivalents (TTEh)
that exceed a Fish Tissue Action Level in these fish (DEP,
2002). Sources of PCBs are unknown but Iikely include |ong-
range transport and atnospheric deposition. Concentrations of
TCDD and DTEo in white perch were significantly greater than
in game fish from all other |akes (n=8) or river reference
stations that have been sanpled, but the difference was snall
(Table 3). There was a marginally significant decline in TCDD
concentrations in bass during t he peri od 1996- 2001.
Concentrations were also lower than those in fish from the
Andr oscoggi n Ri ver.

Kennebec Ri ver

Norridgewock- Five brown trout, ten smallnouth bass,and 10
white suckers were collected from the river at Norridgewock
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(Appendi x 7). Although these |ocations are downstream of the
di scharge from Madi son Paper |Industries discharge in Madison
conparison of dioxin in fish from this station in 1998 and
1999 with that from fish caught at the Kennebec River
reference station above Madison previously, showed no
significant difference between the two |ocations. These
| ocations therefore serve both as a reference for the river
and the upstream station for the SAPPI Sonerset mll.

DTEh in all three species were 28% 31% and 26% FTALc, but
this was an artifact of relatively high detection limts as
shown by DTEo at 3-6% of the FTALc for all three species
(Appendix 2). In fact, TCDD and nost ot her congeners that add
significantly to the DTE were bel ow detection and therefore
the FMI for all sanples. TCDF was present in all sanmples in
smal | amounts. The differences between DTEh and DTEo are mnuch
| arger at these stations than at any station downstream of
poi nt sources on the river, and docunent the problem of the
i mpact of high detection limts and treatnment of non-detects.
The addition of dioxin-like (coplanar) PCBs, neasured as part
of DEP's SWAT program to DTEh may result in total toxic
equi val ents (TTEh) that exceed a Fish Tissue Action Level in
these fish (DEP, 2002). Sources of PCBs are unknown but
i kely i ncl ude | ong-range transport and at nospheric
deposition. TCDD and DTEo were sinilar to those from previous
years for this and t he Madi son station, but TCDF
concentrations in bass were higher than ever before. DTEh
vary anong years due to different detection |limts. The trace
amount of DTE neasured in these fish is likely due to |ong-
range transport and atnospheric deposition from renpote
sour ces. This station was also wused for additional
devel opnent of the above/below fish test described in a later
section of this report.

Fairfield- Five brown trout, ten smallnmuth bass, and ten
white suckers were collected from the river between the
Shawmut Dam and the |1-95 bridge, approximately 7-8 mles bel ow
SAPPI  Sonmerset’s bleached kraft pulp and paper mll in
Skowhegan (Appendi x 7). Concentrations of DTEh in bass, brown
trout, and suckers were 139% 51% and 60% of the FTALc
respectively (Appendix 2). The addition of dioxin-Ilike
(coplanar) PCBs, neasured as part of DEP' s SWAT program to
DTEh may result in total toxic equivalents (TTEh) that further
exceed a Fish Tissue Action Level in these fish (DEP, 2000).
Sources of PCBs are unknown but |ikely include 1|ong-range
transport and atnospheric deposition. Concentrations of TCDD
and DTEh were significantly greater than those at the
reference station at Norridgewock for all three species (Table
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3). There was no significant trend for the period 1997-2001
for either speci es. Effl uent data (Appendix 4) and sl udge
data (Appendix 3) docunent decreases in discharges over the
years especially since early 1997 up to 2000, the | atest data
are available. Concentrations of TCDD and TCDF are well bel ow
the limts of the new |aw (<10ppq in the bleach plant). This
station was also wused for additional developnment of the
above/ bel ow fish test described in a later section of this
report.

Si dney- This station 1is downstream of Lockwood Dam in
Watervill e/ Wnslow which is about 10 mles downstream of the
current discharges from SAPPI Sonmerset in Skowhegan. The

Kennebec Sanitary Treatnent District discharges about 2 mles
downstream of the dam that processes effluent from Huht amaki

a paper mill. Five brown trout were captured just below the
dam and five smallmuth bass were collected about 10 mles
bel ow the dam in Sidney. Both of these fish sanples are

considered to be from the Sidney station since the fish have
free nmovenent within this river reach. Concentrations of DTEh
in trout and bass were 67% and 49% of the FTALc respectively
(Appendi x 2). The addition of dioxin-like (coplanar) PCBs,
measured as part of DEP s SWAT program to DTEh may result in
total toxic equivalents (TTEh) that exceed a Fish Tissue
Action Level in these fish (DEP, 2000). Sources of PCBs are
unknown but i kely i ncl ude | ong-range transport and
at nospheric deposition. Concentrations of TCDD and DTEh in
trout and bass were significantly greater than those at the
reference station at Norridgewock (Table 3). There was no
significant trend for the period 1997-2001 for ei t her
species. Sludge data from KSTD in recent years show that TCDD
is below 1 ppt, but TCDF and DTEh are occasionally detected at
a few ppt docunenting the continued discharge of small anounts
of dioxin to the river.

Penobscot Ri ver

Wbodville- Although this station is downstream of G eat
Northern’s pulp and paper mlls in MIllinocket and East
M 11linocket, fish collected at this station in 1997 and 1998,
had simlarly |low concentrations of dioxin as the historical
reference station at Grindstone on the East Br anch,
uni nfluenced by these mlls. Therefore, this station nmay
serve as a reference station for the Penobscot River and the
upstream station for Lincoln Pulp and Paper.
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Ten smal |l mouth bass and ten white suckers were collected from
this station. Concentrations of DTEh in bass and suckers were
32% and 28% of the FTALc respectively (Appendix 2), but this
was an artifact of detection levels and the inpact of
treatment of non-detects. Concentrations of all congeners
that add significantly to DTE were below detection and
therefore the FMI, except for small anounts of TCDF. As a
result concentrations of DTEo were only 6% of the FTALc for
bot h speci es. The addition of dioxin-like (coplanar) PCBs,
measured as part of DEP s SWAT program to DTEh may result in
total toxic equivalents (TTEh) that exceed a Fish Tissue
Action Level in these fish (DEP, 2002). Concentrations of
TCDD and DTEh were sinmilar to those of past years, but TCDF
concentrations were slightly higher than in years past (Table
3).

Wnn- As in previous years, at the request of Lincoln Pulp and
Paper Conpany in Lincoln, bass (10) and suckers (5) were
captured from the river at Wnn, approximately 4 mles bel ow
the confluence with the Mattawankeag River and about 8 nmles
upstream of the Conpany's bl eached kraft mll in Lincoln. The
Mat t awankeag River is thought by the Conpany to potentially be
a source of dioxin downstream of the Wodville station and the
Wnn station is believed by the Conpany to be a nore
appropriate station for the above/below test. Fundi ng for
this work was provided by the Conpany above and beyond the
DMP. TCDD was not detected in any sanple for either species.
DTEh were 29% and 28% of the FTALc for bass and suckers
respectively (Appendix 2). The addition of dioxin-Ilike
(coplanar) PCBs, neasured as part of DEP' s SWAT program to
DTEh may result in total toxic equivalents (TTEh) that exceed
a Fish Tissue Action Level 1in these fish (DEP, 2002).
Concentrations of all congeners that add significantly to DTE
were bel ow detection and therefore the FMI, except for TCDF.
As a result concentrations of DITEo were an even smaller
per cent age (~5% of t he FTALc for bot h speci es.
Concentrations were simlar to those of the Wodville station.
Since these results have been variable from year to year but
show no trend, they do not support the idea that there is a
significant source between the Wodville station and mll.
Also since the results and other fish and sedinment data
collected by the Penobscot Indian Nation are not conclusive
and there is no barrier to prevent fish from nmoving up from
below the mll, this station may not be a good reference for
t he Above/Bel ow fish test.

26



South Lincoln- Ten smallnouth bass and ten white suckers
(Appendi x 7) were collected fromthe river near the boat ranp
in South Lincoln, approximately 4 mles downstream of Lincoln
Pulp and Paper Conpany's bleached kraft mll in Lincoln.
Concentrations of DTEh in bass and suckers were 60% and 61% of
the FTALc respectively (Appendix 2). The addition of dioxin-
i ke (coplanar) PCBs, nmeasured as part of DEP's SWAT program
to DTEh may result in total toxic equivalents (TTEh) that
exceed a Fish Tissue Action Level in these fish (DEP, 2002).
Sources of PCBs are unknown but I|ikely include 1|ong-range
transport and atnospheric deposition. Concentrations of TCDD
and DTEh were significantly greater than those at the
Woodvill e reference station (Table 3). There were no trends
in TCDD or DTE either species for the period 1997-2001. Thi s
is interesting since there were decreased discharges from the
mll as docunented by decreased concentrations of TCDD and
TCDF in sludge (Appendix 3) and in effluent since 1997.
Reductions in effluent show conpliance with the limts of the

new |aw (Appendix 4) as a result of a change in the mll’s
bl eachi ng process from chlorine based bleaching to primarily
oxygen based bl eaching in 1999. Full benefit will likely take

|l onger to discern in fish.

MIford- Located at Freese Island near the boat ranp in
Costigan, this station is approximtely 34 mles downstream of

Lincoln Pulp and Paper Conpany's bleached kraft mll in
Lincoln and is the upstream station for the above/bel ow test
for the Fort Janes mll about 5 mles downstream Five

smal | rout h bass and five white suckers were captured fromthis
station. Concentrations of DTEh in bass and suckers were both
58% of the FTALc (Appendix 2). The addition of dioxin-Ilike
(coplanar) PCBs, neasured as part of DEP' s SWAT program to
DTEh may result in total toxic equivalents (TTEh) that exceed
a Fish Tissue Action Level in these fish (DEP, 2002). Sources
of PCBs are unknown but Ilikely include |ong-range transport
and atnospheric deposition. Concentrations of TCDD and DTEh
were significantly greater than those at the Wbodville
reference station (Table 3).

Veazie- Five smallmuth bass and ten white suckers (Appendi X
7) were collected fromthe Veazie |npoundnent about 7-8 mles
bel ow Fort James’ bl eached kraft mlIl in Od Town.

Concentrations of DTEh in bass and suckers were 44% and 38% of
the FTALc respectively (Appendix 2). The addition of dioxin-
i ke (coplanar) PCBs, neasured as part of DEP s SWAT program
to DTEh may result in total toxic equivalents (TTEh) that
exceed a Fish Tissue Action Level in these fish (DEP, 2002).
Sources of PCBs are unknown but |I|ikely include 1|ong-range
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transport and atnospheric deposition. Concentrations of TCDD
and DTEh were significantly greater than those at the
Wodville reference station (Table 3). There was no
significant trend for the period 1997-2001 for either species.
This is surprising since TCDD and TCDF bl each plant effluent
concentrations at the Fort James mll have continued to
decline since early 1998 and have net the limts of the new
I aw.

Orington- Ten eels were collected from an eel fisherman from
the river in Orington, downstream of the Town of Brewer’s
sewage treatnment plant outfall and conmbined into 2 conposites
of 5 fish each. The Brewer treatnent plant treats wastewater
from the Eastern Fine Paper mll which uses pulp nade at
Lincol n Pul p and Paper Co in Lincoln.

Concentrations of DTEh were 135% of the FTALc (Appendix 2).
The addition of dioxin-like (coplanar) PCBs, neasured as part
of DEP's SWAT program to DTEh may result in total toxic
equi valents (TTEh) that further exceed the Fish Tissue Action
Level in these fish (DEP, 2002). Sources of PCBs are unknown
but Ilikely include |long-range transport and atnospheric
deposition. Concentrations of TCDD and DTEh wer e
significantly greater than those for Dbass, another top
predator, at the Wbodville reference station or any other
station (Table 3). Concentrations were significantly greater
than those in eels from this same location in 1996 but | ower
than in 2000 perhaps reflecting |lower concentrations in
Brewer’s sludge and effluent or sludge from Lincoln Pulp and
Paper and Fort Janmes, have decreased since that tinme (AppendiXx
3, 4).

Presunpscot Ri ver

W ndham Five smal |l nmouth bass and ten white suckers (Appendi x
7) were collected from the Dundee |npoundment in the river in
W ndham Concentrations of DTEh in bass were 30% of the FTALc
but DTEo were only 6% docunenting the inpact of treatnent of

non-detects (Appendix 2). Concentrations of all congeners
that add significantly to DTE were below detection and
therefore the FMI, except for snall anmopunts of  TCDF.

Concentrations of DTEh in suckers were 33% of the FTALc, but
unlike in bass, DTEo were significant at 26% of the FTALc, due
to significant |evels of TCDF. The addition of dioxin-Ilike
(coplanar) PCBs, neasured as part of DEP' s SWAT program to
DTEh may result in total toxic equivalents (TTEh) that exceed
a Fish Tissue Action Level in these fish (DEP, 2002). Sources
of PCBs are unknown but Ilikely include |ong-range transport
and at nospheric deposition. This station has been used as a
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reference station for the Presunpscot River since 1993 since
there are no known point sources of dioxin upstream However,
concentrations of TCDD, TCDF, PeCDD, PeCDF and DTEh from this
station have historically been significantly higher than all
other reference stations in the program every year through
1998 (Table 3, Appendix 10). No sanples were collected in
1999, and only bass wer e col | ect ed i n 2000. DTEo
concentrations in bass were lower in 2000 and 2001 than in
previ ous years, but concentrations in suckers in 2001 are not.
These results suggest that there are other |ocal sources of
dioxin which have not yet been discovered. These
concentrations nust represent a conbination of background from
| ocal sources and long range transport and atnospheric
deposition fromrenote sources.

West brook Five smallnouth bass and ten suckers (Appendix 7)
were collected from the river near the US Route 302 bridge
about 1.5 mles downstream of the discharge from SAPPI
West br ook’ s bl eached kraft pulp and paper mill. In 1999 the
pulp mll ceased operation and the paper mll now purchases
its pulp. 2001 was the second year since then that fish have
been nonitored. Concentrations of DTEh in bass were 30% of the
FTALc although DTEO was only 6% docunmenting the inpact of
treatment of non-detects (Appendix 2). Concentrations of all
congeners that add significantly to DTE were bel ow detection
and therefore the FMI, except for small anounts of TCDF.
Concentrations of DTEh in suckers were 42% of the FTALc, but
unlike in bass, DTEo were significant at 25% of the FTALc, due
to significant |evels of TCDF. The addition of dioxin-Ilike
(copl anar) PCBs, neasured as part of DEP s SWAT program to
DTEh may result in total toxic equivalents (TTEh) that exceed
a Fish Tissue Action Level in these fish (DEP, 2002). There
was no significant trend for the period 1997-2001 for either

species, but data are limted. Sources of PCBs are unknown
but Ilikely include |ong-range transport and atnospheric
deposi tion. There was no significant difference in TCDD,
TCDF, or DTEh concentrations in bass between this station and
the Wndham station (Table 3). Sanple size (n=2) for the
suckers was too small to allow a neaningful statistical

conpari son; however, the nean concentrations were no higher at
this station than at the station above for either species.
Ef fl uent and sludge data, taken within a few nonths of the
cessation of the pulp mlIl in 1999 docunment reduced di scharges
fromthe mll (Appendix 3, 4), but there are no newer data.

Sal non Falls River
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South Berwi ck- Four smallmuth bass (Appendix 7) were
collected fromthe Rollinsford |Inpoundnent about 2 mles bel ow
the discharge from the Berwick Sewer District’s municipal

wast ewater treatment plant in Berw ck, whose discharge is 85%
effluent from Prinme Tanning Conpany. DTEh were 52% of the
FTALc all bass combi ned (Appendix 2). The addition of dioxin-

i ke (coplanar) PCBs, neasured as part of DEP s SWAT program

to DTEh may result in total toxic equivalents (TTEh) that

exceed a Fish Tissue Action Level in these fish (DEP, 2002).

Sources of PCBs are wunknown but |ikely 1include |ong-range
transport and atnospheric deposition. Concentrations of TCDD
and DTEh were significantly greater than in fish from previous
years at an upstream reference station at Acton, which had
concentrations simlar to other reference stations in Mine
(Table 3, Appendix 10). There was no significant trend for

TCDD or DTEh in bass during the 1990s. There are no new
sludge or effluent data from the treatnment plant to show any
changes in discharges. These results docunent a |ocal source
of dioxin to this reach of the river nost likely the Prine
Tanni ng di schar ge.

Sebasti cook River

East Branch at Newport- Five small nouth bass (Appendix 7) were
collected fromthe river just above the County Road Bridge, a
popul ar fishing spot at the inlet to Sebasticook Lake. Thi s
station is approximtely 2 mles below the Corinna Sewer
District discharge, 80% of which was from the Eastland Wol en
MIl. This facility treated the waste fromthe Eastland Wol en
MIl in Corinna until 1996, when the m |l ceased operation.
Since then groundwater and river sedinents have been found to
be contamnated with a nunber of pollutants from the mll

i ncludi ng dioxin. The site was placed on the National
Priorities List of Superfund sites in 1999, and cleanup has
begun. This fish sampling was funded by Maine's SWAT

nmonitoring program Concentrations of DTEh were 61% the FTALc
(Appendi x 2). Total toxic equivalents (TTEh), the conbi nation
of DTEh and dioxin-like PCBS neasured in DEP s SWAT program
may result in a further increase in toxic equivalents in these
fish (DEP, 2000). Sources of PCBs are unknown but |ikely

include the mlIl and/or |ong-range transport and atnospheric
deposi tion. TCDD and DTEh concentrations were significantly
| ower than when | ast nmeasured in 1997, but still significantly
greater than in fish fromthe upstream station above the m |
at Corinna measured in 1997 also (Table 3). These results
docunment a | ocal source of dioxin to this reach of the river

nost likely residues from Eastland Wolen MII. Measur abl e
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amounts of furan were found in sludge from the Corinna Sewer
District for a nunber of years, although there are no new
sl udge data since 1996 and no effluent data to show any recent
changes in discharge |l evels (Appendix 3).

East Branch at Detroit- Five smallnmuth bass were collected
fromthe river about 10 mles downstream of the Corinna Sewer
District’s discharge and 5 mles bel ow Sebasticook Lake. This
work was funded by Maine’'s SWAT nonitoring program
Concentrations of DTEh were 40% of the FTALc (Appendi x 2).
The addition of dioxin-like (coplanar) PCBs, neasured as part
of DEP's SWAT program to DTEh may result in total toxic
equi val ents (TTEh) that exceed a Fish Tissue Action Level in

these fish (DEP, 2002). Sources of PCBs are unknown but
likely include the mll and/or 1long-range transport and
at nospheric deposition. Concentrations of TCDD were simlar

to those at the County Road Bridge above the |ake but | ower
than those fromfish within the |ake sanpled in 2000. Al were
sigificantly greater than those in fish from the reference
site upstream of the discharge in Corinna in years past (Table
3, Appendi x 10). DTEh were |ower than those at the other two

stations downstream of the m Il but were significantly greater
than the upstream reference site in past years. This site
still shows contam nation fromthe mll, although |Iess so than

upstream stations closer to the source.

West Branch at Pal nyra Five smallmuth bass were collected
from the river near the US Route 2 bridge about 3-4 nles
bel ow t he discharge from the Town of Hartland, whose effl uent
is about 85% effluent from Irving Tanning Conpany, and
conbined into two sanples of five fish each. Concentrations
of DTEh were 51% of the FTALc (Appendix 2). The addition of
dioxin-like (coplanar) PCBs, neasured as part of DEP s SWAT
program to DTEh may result in total toxic equivalents (TTEh)
that exceed a Fish Tissue Action Level in these fish (DEP,
2000) . Sources of PCBs are unknown but I|ikely include |ong-
range transport and at nospheric deposition. Concentrations of
TCDD and DTEh were significantly greater than in fish fromthe
reference site upstream of the discharge in Great Muose Lake
in years past (Table 3, Appendix 10). There were no
significant trends for TCDD or DTEh during the 1990s. These
results docunent a |ocal source of dioxin to this reach of the

river, nmost likely the Irving Tanning discharge. Although the
only effluent sanple result reported (1996) showed no
detectable anmount of dioxin in effluent (Appendix 4), |ow

solubility and high bioconcentration of dioxin mke effluent
data | ess neani ngful than sludge data. Sl udge data from 1989
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show neasurable levels of TCDF (Appendix 3), but nore recent
data in 2000 show concentrations below reasonably |ow
detection levels. If these recent data are representative of
reduced di scharges, concentrations in fish should decrease in
t he upcom ng years, unless there is residual dioxin remaining
in the system

Above/ Bel ow Test

The goal in development of a suitably sensitive Above/Bel ow

test, is to be able to detect a m nimum significant difference
(MSD) in dioxin and/or furan concentrations above and below a
mll as small as a target value of 10% of background or as

smal | as possible. MSDs are normalized to nmean concentrations
above the discharge to provide a relative neasure, since units
and scales are different for different congeners, test types,
species, and tissues. \Where the concentrations above the mill
are below the detection limt, as is the case for TCDD in
muscle tissue, the MSD target is an absolute value (0.05-0.1
ppt) rather than a relative one.

Since the devel opnent of the Above/Bel ow test began in 1997
tests of TCDD, TCDF, and DTEo on both a wet and |ipid weight
basis have been conducted in small bass, single and conposite
| arge bass filets, bass livers, |large and small whol e suckers,
single and conposite sucker filets, single and conposite
sucker livers, single and 2 conposites of SPMDs, and caged
mussels, for a total of 78 tests. Up through 2000, juvenile
whol e bass and/or mature |egal sized bass filets showed the
| owest MSDs for nost sanpl es, al though sucker filets
occasionally had the |owest MSDs. Consequently, all three
were sanpled at one or nore stations as previously shown
(Table 2).

Bass

Ten mature |egal sized bass were captured at one pair of
stations on each of the Androscoggin (ARY at Riley above and
ALV at Livernore Falls below the International Paper Conpany
mll in Jay), Kennebec (KNW at Norridgewock above and KFF at
Fairfield below the SAPPI Sonmerset mll), and Penobscot (PBW
at Wodvill e above and PBL at S Lincoln below Lincoln Pulp and
Paper in Lincoln) rivers, essentially repeating studies
conducted in 2000. All bass were to be within a 25 mm | ength
range within and between paired stations, which was achieved
for the Androscoggin and Penobscot river sanples. Due to
difficulty in collecting fish, the fish fromthe Kennebec were
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within 60 nm rather than 25 nmm of each other w thin each
station, but the range was simlar between stations. (Appendi X
7). Al bass were analyzed as individuals.

Concentrations of TCDD and TCDF on both a wet weight and Iipid
wei ght basis and DTEh on a |lipid weight basis were
significantly higher at Livernore Falls below than at Riley
above the mlIl on the Androscoggin River (Appendix 2). MSDs
were normalized to the mean concentrati ons of Norridgewock and
Woodville since both staions are downstream of t he

MeadWestvaco m Il in Runford. MSDs (Table 4) were generally
simlar to those from 2000 at the Runford Point-Runford A/B
stations. MSDs were lower for lipid weights than for wet

wei ghts, but none were close to the target val ues.

Concentrations of TCDD and DTEo on both wet and |ipid weight
basis and TCDF on a lipid weight basis were all significantly
hi gher at Fairfield below than at Norridgewock above the ml
on the Kennebec River as in all previous years (Appendix 2).
MSDs (Table 4) were generally | ower than those in 2000. MSDs
were closest to targets for TCDF foll owed by DTEo then TCDD
and |ipid weight based MSDs were |ower than wet weight MSDs
al t hough not by nuch. MSDs were |ower than those from the
Androscoggin. None of the MSDs net target val ues, however.

Concentrations of TCDD and DTEo for both wet and |ipid and
wei ghts and TCDF for wet weight were significantly higher at
Sout h Lincoln below than at Wbodville above the mll on the
Penobscot River (Appendix 2). MSDs (Table 4) were generally
hi gher than in 2000 except for TCDF on a |ipid basis. Lipid
wei ght MSDs were | ower than wet weight MSDs. Wet weight MSDs
were internediate those from the other two rivers, but Ilipid
wei ght MSDs were closer to those from the Kennebec. None of
the MSDs net target val ues, however.

Snmal | Bass

Since small fish of a given species at a station are younger
than much |arger fish, they generally have | ower body burdens
of contam nants such as dioxin. In addition, younger fish
generally have higher growth rates and uptake of contam nants
that may reflect current anmbient contam nant |evels better
than ol der fish that my have residues from years past. And
small fish tend to have smaller hone ranges, therefore may be
nore representative of |local conditions than |arger fish which
may nmove to different areas within the year. All of these may
result in less variation in concentrations and decrease MSDs.
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To examne this proposition, in 1999 we collected snall
suckers from the Kennebec River at Norridgewock (KNWand
Fairfield (KFF). Interestingly, MSDs were higher for the small
suckers than for the larger suckers for TCDD, TCDF, and DTEo
both on a wet and lipid weight basis. Since, in studies
conducted beginning in 1997, MSDs were often |lower for |arge
bass than for |arge suckers, in 2000, small bass, rather than
smal |  suckers, were <collected from these same stations
(Appendi x 7). Results were mxed with small bass giving |ower
MSDs for sonme neasures but not for others.

The study was repeated in 2001. Smal |l (juvenile) smallmouth
bass were collected from Riley and Livernore Falls, the sane
stations on the Androscoggin River as were the mature bass.
Concentrations of TCDD and DTEo were significantly higher at
Ri |l ey, above the mll, than at Livernore Falls below the mll,
on a lipid weight basis, but there were no other differences
bet ween stations. This may have been the result of the fact
that the fish at Riley were, however, significantly |I|arger
t han those captured at Livernore Falls. This is the opposite

from that observed on the Kennebec in 2000, wher e
concentrations in small bass below the mll were significantly
hi gher than in fish above the mll for all nmeasures. The 2001

Androscoggin River juvenile bass MSDs were slightly |ower than
t hose for |arge bass for TCDD, TCDF and DTEo (Table 4). Li pid
normal i zed values were |ower than wet weight values. MSDs
were |lower on a wet weight basis and higher on a |ipid weight
basis than those in small bass from the Kennebec in 2000.
Nevert hel ess, MSDs were still nuch higher than the targets.
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Sucker s

At the same pair of stations on the Androscoggin River, nanely
Riley and Livernore Falls, 20 mature nale suckers were
captured and the filets conmbined into 10 conposites of 2 fish
each. All suckers were within a 50 mm |l ength range within and
bet ween stations (Appendix 7). Concentrations of TCDF on both
a wet and lipid weight basis and DTEo on a |ipid weight basis
were significantly higher in fish at Riley above the m Il than
at Livernore Falls below the mlIl, (Appendix 2). MSDs wer e
| owest for TCDF, followed by TCDD, and then DTEo in order
(Table 4). MSDs were | ower for TCDD but higher for TCDF and
DTEo on both a wet and lipid weight basis than in bass. Lipid
wei ght based MSDs were | ower than wet weight MSDs, but no MSDs
were close to the goal.

From the Norridgewock and Fairfield stations on the Kennebec,
ten suckers wer e captured and t he filets anal yzed
individually. All suckers were within a 50 mm |length range
within and between stations (Appendix 7). Concentrations of
TCDD, TCDF, and DTEo were significantly higher at Fairfield
below the m Il than at Norridgewock above the mll. MSDs were
| owest for TCDF, followed by TCDD, and then DTEo in order and
lower on a |lipid weight basis than on a wet weight basis
(Table 4). MsSDs were higher than in bass except for TCDD on a
[ipid weight basis. MSDs were |ower than those for fish from
this site in 2000. No MSDs were close to the goal.

Ten |arge suckers were captured from the Penobscot River at
Wbodville (PBW above and at S Lincoln (PBL) below Lincoln

Pul p and Paper in Lincoln. Al'l suckers were within a 25 mm
length range within and between stations (Appendix 7). Al |
were analyzed as filets. Concentrations of TCDD, TCDF, and
DTEo were significantly higher at South Lincoln than at
Wbodville on a wet and lipid weight basis. MSDs were | owest
for TCDF on a wet weight basis but for DTEo on a lipid weight
basis and lower on a lipid weight basis overall (Table 4).
MSDs were higher than in bass except for TCDD and DTEo on a
lipid weight basis. MSDs were also higher than in suckers

from the Kennebec except for TCDD and DTEo on a lipid weight
basi s. MSDs were lower than in this river on 2000, but still
not close to the target val ues.

SPMDs ( SEM - PERMVEABLE MEMBRANE DEVI CES)

Sem pernmeabl e menbrane devices (SPMDs) are passive integrative
sanpling devices which conbine nenbrane diffusion and |iquid-
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liquid partitioning to concentrate Iow to noderate nol ecul ar
mass hydrophobi ¢ conmpounds from water (Huckins et al, 1996).
Made of |owdensity polyethylene lay-flat tubing (2.5 cm w de
by 91.4 cmlong), containing a thin film of neutral triolein
and placed inside stainless steel <canisters, SPMDs are
deployed in the waterbody where they accunul ate contam nants
until retrieved.

SPMDs have sonme features that give them advantages over
monitoring contam nants in fish. SPMDs can be deployed in
water to accumul ate single, pulsed, or continuous contam nant
rel eases over tinme. SPMDs are anchored to sanple at specific

| ocati ons, t hereby avoiding any question of origin of
contam nants caused by fish novenent. SPMDs do not change
function under stress, unlike gills of fish. There are no
bi otransformations or elimnation like that in fish. And

accurmul ation of contanm nants does not occur by the sane
process of uptake in fish, thereby potentially limting their
use to accunulation in a relative sense. VWhen deployed in
Maine Rivers for approximately a nonth, SPMDs are able to
sequest er enough dioxin/furans for quantification by HRGC HRMS
(Shoven, 2001). SPMD uptake rates have been determ ned for
di oxi n/ furans in or der to cal cul ate di ssol ved wat er
concentrations (Rantal ainen et al, 2000).

There are, however, a nunmber of environmental factors, such as
wat er tenperature, biofouling, dissolved organic carbon (DOC),
suspended solids, and flow velocity that affect the uptake
ki netics of SPMDs. Assunmi ng isotropic exchange Kkinetics,
pernmeability reference conpounds (PRCs) can be added to the
SPMD prior to deploynent to calibrate the rate change of
di oxi n/furan uptake caused by environnental condi tions
(Huckins et al., 2002)

In order to assess the potential of SPMDs to determne if
mlls are discharging dioxin, DEP has funded studies at the

Uni versity  of Mai ne  Envi ronnent al Chem stry Laboratory
(formerly the Water Research Institute) since 1999 through the
Surface Water Anbient Toxics (SWAT) program In 1999, the

focus was devel opnment and refinenent of field and | aboratory
techni ques by deploying the SPMDs in the nearby Penobscot
River for 3 one-nonth trials and then retrieving them for

| aboratory analysis. In 2000, two deploynments were made in
t he Androscoggin River to investigate the effect of time and
duration of deploynment on biofouling. An above/ below tria

was al so made in both the Androscoggi n and Kennebec rivers.
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2001

In 2001 the goals were as follows:

1. Validate the

depl oynment schene

devel oped i n 2000.

2. I ncrease the sanple size for
the variability between
statistical

3. Decr ease
m ni nmal

nor e

sensitivity of the A/B test.
4. Conpare the results from 2000 with 2001

Site Location

The SPVMD field deploynents for

MeadWest vaco M I |
| nt er nati onal

Paper
t he Androscoggin River.

MIl in Jay from

di fference

and anal yti cal

statistical

sanpl es
and

power .
to | ower
i nprove

2001 were above and bel ow the
in Runford from 7/13/01 to 8/10/01 and the
to 10/ 20/01 on
The GPS determ ned | atitude-I|ongitudes

9/ 22/ 01

met hod

for the sites were:

| Site Latitude (DegMinSec) Longitude (DegMinSec)
Upstream Runford N44* 31 04" Wr0* 33" 05”
Downstream Runf ord | NA4*30' 10. 5” W70*23" 53. 3”
Upstream Jay N44* 28" 42. 4” Wr0* 16’ 18. 7”7
Downstream Jay N44* 29" 06. 2~ W70*12’ 13. 8”

The Runford site was chosen to conpare the SPMD results from
2001 with those from 2000 at that site. Oiginally, both 2001
depl oynents were going to be at the Runford site. However, due
to a shutdown of the MeadWestvaco mll in Septenber, the
second depl oynent was downstream above and below the
| nternational Paper mll at Jay. The below sites were a
sufficient distance below the mlls to ensure proper m xi ng of

the effluent so the dioxin/furans river concentrations were
assunmed to be at equilibrium

Depl oyment Schene

The Runford deploynent schenme used an elaborate system of

surface buoys, ropes and anchors to submerge the SPMD-filled
cani sters (Shoven, 2001). The system was developed so the
canisters would remain approximately 3 feet under the water
surface regardless of the water level nmaking sure the
cani sters avoided contact with the sedinent. The deploynment
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consisted of 40 SPMDs in 8 canisters subnerged by two buoy
systens at each site. Upon retrieval of the SPMDs, one buoy
system at the upstream site had been vandalized by one of the
buoys bei ng punctured. Those 20 SPMDs had been resting on the
bottom for an unknown anmount of time. Due to the difficulties
at Runford, the deploynent schenme was changed for Jay. In an
effort to avoid vandalism submerged mlk jugs were used as
floats to keep the canisters upright at ~10 feet above the
sediment with a water depth of ~15 feet. There were four sets
of submerged mlk jugs with two canisters and 10 SPMDs at each
site. No vandalism occurred. However, at the upstream site, 3
sets of mlk jugs |ost buoyancy and six canisters with 30

SPMDs were found near the sedi nent. The sedinent at this site
was sand and gravel; therefore, there was probably no
contam nation of dioxin from the sedinments. For each site

appropriate nmeasures were taken to ensure no contam nation
during transport, deploynent, and retrieval. Also, attached to
one canister at each site was a HOBO tenperature |ogger to
noni t or t he hourly wat er t enmperat ure t hr oughout t he
depl oynent .

Laboratory Methods

Al | SPMDs and deploynent canisters are purchased from
Envi ronmental Sanpling Technologies, St. Joseph, MO All
standards are purchased from Canbridge |sotope Laboratories,
Andover, MA. All solvents are GC-resol ve grade.

The Runford sanples were analyzed according to the 2000
procedural nmethod (Shoven, 2001). The procedure consisted of
external washing of the SPMD to renove any periphytic growth
followed by an injection of carbon-|abeled dioxin/furan and
PCB standards to accurately quantify the congeners using the
i sotope dilution nethod outlined in EPA Method 1613 (Telliard,
1994). After spiking and drying, the sanples underwent a two-
stage 24 hour dialysis with 150 m of hexane at sub-anbient
tenmperatures (~18 Q. The dialysates of two SPMDs were then
conbined into one conposite sanple to make an N=20 conposite
sanples for each site. The sanples were cleaned up using
acidified silica gel slurry to hydrolyze any remaining |ipid
after dialysis. Gel permeation chromatography (GPC) was then
used as a further clean up before quantification by HRGC/ HRVS.
Quality control sanples consisted of a trip blank for each
site, a lab dialysis blank, a lab matrix spike, and a |ab
procedur al bl ank. Water sanples were <collected at the
begi nni ng and end of each deploynent to measure total organic
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carbon (TOC), dissolved organic carbon (DOC), and specific
conductivity.

Due to prelimnary results from Runford, the Jay sanples were
analyzed differently. The chromatogranms for the Runford
depl oyment had nunmerous interferents causing quantification
probl ems such as concentration over-estimtion or, conversely,
non- det ecti on. The physical clean up and the two-stage 24
hour dialysis remnined the sane. However, the dialysates were
conbined into conposite sanples of 5 SPMDs each resulting in
an N=8 for each site. Also, the PCB standards were not
injected because PCBs are a known interferent duri ng
di oxi n/furan quantification. The sane acidified silica gel
slurry and GPC nethod were perforned on the sanples, but a
fractionation with ENVI-carb reversible tubes from Supel co,
Bel l afonte, PA was utilized to ensure a better clean up of the
sanples. The sanme quality control was perforned for the Jay
sanpl es.

Resul ts

The results from the 2001 field season were calculated as
nanogram of dioxin/furan per kilogram of SPMD. Estimated
di ssol ved di oxi n/furan concentrations in the river have yet to
be determned for each of the sites. The coefficient of
variation (CV) for the Runford deploynent ranged from 29 to
368% with an average of 92% for all the congeners. The Runford
data are not yet conpleted (12 of the 40 still have not been
guantified). Most of the variation from Runford originates
from an ineffective <clean up procedure and |aboratory
i nexperience. The CV for the Jay deploynent ranged from 9 to
115% with an average of 42% However, after renoving one
statistical outlier (> 2 standard deviations from the nean)
from the upstream data and two downstream sanples that didn't
satisfy EPA Method 1613 quality assurance, the CV ranged from
6% to 38% with an average of 18% Both data sets have a co-
eluting peak with 2,3,7,8-TCDD |eading to quantification
probl ems for that congener. The toxic equival ency val ues (DTE)
were determned using the Wrld Health Organization’s toxic
equi val ency factors for mammal s.

Concentrations of npbst congeners were |ower below the mills
t han above (Figures 1 and 2). The conparison between the 2000
and 2001 Runford deploynents show distinct simlarities in
congener profile for the population of sanmples wth the
exception of |less non-detections in the 2001 data. However,
with the amobunt of variability present in each set of sanples,
nore validation is needed for that site.

40



Objectives for 2002

1. Reduce the variability between replicates to facilitate
devel opnent of a nore sensitive A/B test. A coefficient of
variation of ~20% is expected.

2. Use PRCs as an in situ «calibration for varying
environnental conditions such as water velocity, tenperature,
and bi of oul i ng.

3. Develop a deploynent scheme to elimnate possible vandalism
and ot her |ogistical problens.

4. Performa nmethod detection |imt study with conposites of 4
SPMDs.

Concl usi ons

O all the test types (large and small bass, |arge sucker
filets and whole fish, sucker liver conposites, freshwater
mussels, and SPMDs) tested since 1997, only the fish and
livers were able to detect significant differences between
stations above and below sone bl eached kraft pulp and paper
mlls. MSDs were generally lower for mature or juvenile bass
or for suckers depending on station, contam nant and year, but
none have attained or consistently approached the goal of an

MSD of 10% of background concentrations. SPMDs have not
performed as well as fish, but new sanpling design and cl eanup
techni ques prom se better results. These devices wll be

tested again along with fish in 2002.
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Figure 1. DTE values for 2001 depl oynments.
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APPENDI X 1
MAI NE BUREAU OF HEALTH
FI SH CONSUMPTI ON ADVI SORY, AUGUST 2000

LOBSTER TOVALLEY CONSUMPTI ON ADVI SORY, 2 FEBRUARY 1994
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Fish and shellfish consunption advisories can be seen at the
Mai ne Bureau of Health’s Environnmental Toxicol ogy Program
website at http://ww.state. nme.us/dhs/etp/fca. htm
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APPENDI X 2

DI OXI N AND FURAN CONCENTRATI ONS I N 2001 FI SH SAMPLES
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CODES

AGL
ARP
ARF
ARY
ALV
AG
ALS
ALW
KMD
KNW
KFF
KSD
KAG
PBG
PBR
PBW
PBM PBN)
PBL
PBC
PBV
PBB
PWD
PVB
SFA
SFS
SEC
SEN
SLN
SWH
SWP
scw
SCB

SPECI ES

BNT
CHP
LMB
SMVB
VHP
VHS

STATI ONS

ANDROSCOGGI N Rl VER AT G LEAD

ANDROSCOGGI N Rl VER BELOW G LEAD AT RUMFORD POl NT
ANDROSCOGGI N Rl VER BELOW RUMFORD

ANDROSCOGG N RI VER AT RI LEY

ANDROSCOGGI N RI VER AT LI VERMORE FALLS
ANDROSCOGGI N RI VER AT GULF | SLAND POND, AUBURN
ANDROSCOGGI N RI VER AT LI SBON FALLS

ANDROSCOGG N LAKE
KENNEBEC RI VER AT
KENNEBEC RI VER AT
KENNEBEC RI VER AT
KENNEBEC RI VER AT
KENNEBEC RI VER AT

AT WAYNE

MADI SON

NORRI DGEWOCK
SHAWWMUT, FAI RFI ELD
S| DNEY

AUGUSTA

PENOBSCOT RI VER AT GRI NDSTONE

PENOBSCOT RI VER W BR AT EAST M LLI NOCKET
PENOBSCOT RI VER AT WOODVI LLE

PENOBSCOT RI VER AT W NN

PENOBSCOT RI VER AT SOUTH LI NCOLN
PENOBSCOT RI VER AT M LFORD

PENOBSCOT RI VER AT VEAZI E

PENOBSCOT RI VER BELOW BANGOR AT ORRI NGTON

PRESUMPSCOT RI VER
PRESUMPSCOT RI VER

AT W NDHAM
AT WESTBROOK

SALMON FALLS RI VER AT ACTON
SALMON FALLS RI'VER AT SOUTH BERW CK

SEBASTI COOK RI VER
SEBASTI COOK Rl VER
SEBASTI COOK Rl VER
SEBASTI COOK RI VER
SEBASTI COOK RI VER
ST CRA X RI VER AT
ST CRAO X RI VER AT

BROWN TROUT
CHAI' N PI CKEREL
LARGEMOUTH BASS
SMALLMOUTH BASS
VWHI TE PERCH

VWHI TE SUCKER

E BR AT CORI NNA
E BR AT NEWPORT
AT NEWPORT

W BR AT HARTLAND
W BR AT PALMYRA
WOODLAND

BARI NG
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APPENDI X 3

TCDD AND TCDF | N SLUDGE FROM

MAI NE WASTEWATER TREATMENT PLANTS
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APPENDI X 4

TCDD AND TCDF | N EFFLUENT FROM

MAI NE WASTEWATER TREATMENT PLANTS
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APPENDI X 5

2378- TCDD AND 2378- TCDF | N SEDI MENTS

FROM VARI OUS STATI ONS ON THE ANDROSCOGG N RI VER
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APPENDI X 6

53



SAVPLE LOCATI ON MAPS
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APPENDI X 7

LENGTHS AND WEI GHTS

IN 2001 FI SH SAMPLES
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APPENDI X 8

SAVPLI NG SCHEDULE FOR THE 2001 DI OXI N MONI TORI NG PROGRAM

Sanmpling schedule for the Di oxin Monitoring Program

May (early stations)

Androscoggin R at Lisbon Falls for brown trout
Kennebec R above Madi son for brown trout
Kennebec R at Augusta for brown trout

Kennebec R at Fairfield for brown trout
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E Br Sebasticook R at County Rd, Newport for bass/wh perch
W Br Sebasticook R at Rt 2 Palnyra for bass

JULY- AUGUST (all rivers in order, beginning at upstream
stations)

Androscoggin R - July

Kennebec R - July

Penobscot R - August

Presunmpscot R - August

Sal non Falls R - August

Sebasti cook R (East and West Branches) - August
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APPENDI X 9

TOXI C EQUI VALENCY FACTORS FOR PCDDS AND PCDFS
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Appendi x 9. Toxicity Equival ency Factors for

PCDDs AND PCDFs

(Van den Berg et al, 1998)
Congener Toxi ¢ Equi val ency Factor (TEF)
Humans/ Fi sh Bi rds
Mammal s
Di oxi ns
2,3,7,8-TCDD 1 1 1
1,2,3,7,8-PeCDD 1 1 1
1,2,3,4,7, 8-HxCDD 0.1 0.5 0. 05
1,2,3,6,7, 8- HxCDD 0.1 0. 01 0. 01
1,2,3,7,8,9-HxCDD 0.1 0.01 0.1
1,2,3,4,6,7, 8-HpCDD 0. 01 0. 001 <0. 001
OCDD 0. 0001 <0. 0001 0. 0001
Fur ans
2,3,7,8-TCDF 0.1 0. 05 1
1,2,3,7, 8- PeCDF 0. 05 0. 05 0.1
2,3,4,7, 8- PeCDF 0.5 0.5 1
1,2,3,4,7, 8- HxCDF 0.1 0.1 0.1
1,2,3,6,7, 8- HXCDF 0.1 0.1 0.1
1,2,3,7,8,9-HxCDF 0.1 0.1 0.1
2,3,4,6,7, 8- HXCDF 0.1 0.1 0.1
1,2,3,4,6, 7, 8- HhCDF 0. 01 0. 01 0. 01
1,2,3,4,7,8,9- HCDF 0.01 0.01 0.01
OCDF 0. 0001 <0. 0001 0. 0001
PCBs
3,4,4",5-TCB (81) 0. 0001 0. 0005 0.1
3,3 ,4,4 -TCB (77) 0. 0001 0. 0001 0. 05
3,3 ,4,4",5-PeCB (126) 0.1 0. 005 0.1
3,3 ,4,4",5 /5 -HxCB (169) [0.01 0. 00005 0. 001
2,3,3 ,4,4 -PeCB (105) 0. 0001 <0. 000005 |0. 0001
2,3,4,4 ,5-PeCB (114) 0. 0005 <0. 000005 |0. 0001
2,3 ,4,4" ,5-PeCB (118) 0. 0001 <0. 000005 |0. 00001
2',3,4,4" ,5-PeCB (123) 0. 0001 <0. 000005 ]0. 00001
2,3,3,4,4" ,5-HxCB (156) 0. 0005 <0. 000005 ]0. 0001
2,3,3,4,4 ,5 -HxCB (157) [0.0005 <0. 000005 |0. 0001
2,3 ,4,4 ,5 5 -HxCB (167) |0.00001 |<0.000005 ]|0.00001
2,3,3,4,4 ,5,5 -HpCB (189)0. 0001 <0. 000005 ]0. 00001
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